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Description 

HELD OF THE INVENTION 

5 [0001] The present invention relates to medical diagnosis, treatment and imaging systems. More particularly, the 
present invention relates to medical probes whose location can be detected and adjusted and which have an additional 
detection. Imaging and/or treatment function, according to the preamble of claim 1. 

BACKGROUND OF THE INVENTiON 

[0002] Probes, such as catheters, suitable for various medical procedures and internal imaging, are fairly common. 
Such probes Include: balloon angioplasty catheters, catheters with laser-, electrical- or cryo-ablation characteristics, 
catheters having ultrasound imaging heads, probes used for nearly incisionless-surgery or diagnosis, and endoscopes. 
Where such probes are used for treatment, the probes must be carefully positioned in relation to the body structure. 

IS Even for imaging systems such as ultrasound systems, some positioning capability has been described. 

[0003] In cardiovascular examinations and in particular in those using invasive techniques, multiple catheters are 
inserted into the vascular system and then advanced towards the cardiac chambers. The procedure itself is generally 
performed under fluoroscope guidance which necessitates the use of a continuous source of x-ray as a transillumina- 
tion source. The image generated using the fluoroscope is a 2D display of the anatomy with the location of the catheter 

30 superimposed. The anatomy can be viewed with a relativ^y low resolution since the cardiac chamber and the blood 
vessels are transparent to the x-ray radiation. 

[0004] More recently, several technologies have been developed to ease the process of cardiac catheterization, 
mainly by enabling the physician to follow the path of the tip of the catheter inside the biood vessel, Some of this tech- 
nology is based on digital subtraction radiography technology that enables viewing the blood vessel after the injection 
35 of a radio contrast dye and superimposing on that image the path of the cafieter. These technologies necessitate the 
use of radiopaque dyes which are a major cause of moibidiiy in high-risk patients during cardiac catheterization. 
[0005] U,S, Patent No. 5,042,486 to Pfeiller et ai.. describes a method in which the position of a catheter tip is located 
using electromagnetic fields. The catheter is introduced and the tip location is followed. The path of the tip is superim- 
posed on the pre-registered image of the biood vessel or the organ, through which the catheter was advanced. How- 
30 ever, this technology requires acquisition and processing of images prior to the procedure and involves a highly 
sophisticated and time-consuming procedure for the correct alignment of the image acquired previous fo this proce- 
dure, and the orientation and location of the blood vessel or the organ during the catheterization procedure itself. 
[0006] U.S. Patent 4,821 ,731 to Martinelli et ai., discloses a msthod for Internal imaging of a living body using ultra- 
sound. In this patent the position of an ultrasound imaging catheter is determined by computing the relative position of 
35 the catheter using the response of an ultrasound transducer to a reference signal and by computing the angular orien- 
tation of the catheter about its axis by determining the signal induced in a single coil by substantiaiiy perpendicular mag- 
netic fields of different frequencies. The ultrasound trarisducer is also used to send and detect ultrasound signals in a 
direction pes pendicuiar to the catheter axis. By rotating the catheter and moving it along its axis an ultrasound image 
may be generated. The catheter is also described as being capable of transmitting a laser beam to the end thereof to 
40 ablate tissue from lesions on the walls of arteries. 

[0QQ7] A catheter which can be located in a patient using an ultrasound transmitter located in the catheter, is disclosed 
in U.S. Patent No. 4,697,595 and in the technical note "Uitrasonically Marked Catheter, a Method for Positive Echo- 
graphic Catheter Position and Identification", Bryer et ai., Medical and Biological Engineering and Computing, May, 
1 985, pages 268-271 . Also, U.S. Patent No. 5,042,486 discloses a catheter which can bs located in patiente using non- 
45 ionizing fields and suitably Imposing catheter location on a previously obtained radiological Image of the biood vessel. 
[0008] POT Patent Publication WO 94/0938, describes a system using a single-coii type sensor which is coaxial with 
the long axis of a catheter and which senses fields which are generated by three multlcoil generators external to the 
body of a patient. 

[OOOS] Other methcris and apparatus for the determination of the position of a catheter or endoscope are shown in 
so U.S. Patents 5,253.647; 5,057,095; 4,095,598; 5,318,025; 5,271 ,400; 5,211.165; 5,265.610; 5,255.680; 5,251.635 and 
5,265,611. 

[0010] U.S. Patent No. 3,644.825 describes a systes-n which uses the relative motion of a sensor in the determination 
of its position. The relative motion supplies information to the sensing coils needed to identify position and orientation. 
However, such a solution is not applic^le to identifying position and location of the object where there is no relative 
55 motion between the object and the reference frame. 

[0011] U.S. Patent No. 3,868,565, comprises a tracking system for oontinuQusly determining the relative position and 
orientation of a remote object. This tracing system includes orthogonally positioned loops for both a plurality of sensors 
and a plurality of radiating antennas. V^th the proper excitation currents to those loops, the radiating antennas generate 



2 



EP 0 776 176 81 



an electromagnetic field that is radiated from those antennas to the sensor. The tracking system operates as a closed 
loop system where a controlling means measures the field that is received at the sensor at the remote object and feeds 
the information back to radiating antennas to provide a nutating field radiating as a pointing vector towards the remote 

object. Accordingly, the pointing vector gives the direction to the sensing antenna from the radiating antenna. 

5 [D012j Similarly, Kuipers describes in his U.S. Patent Mo. 4,017,858, an electromagnetic field which rotates aboift a 
pointirig vector and is used both to track or locate the res-note object In addition to determining the relative orientation of 
the object. This system, wherein the radiating coils are charged with the properly designed wave forms, generates a 
magnetic field which, in a closed loop manner, can be fed into processing means to generate the information needed 
to determine an orientation of a remote object. 

10 [001 3j U.S. Patent No. 4,054,881, describes a non-tracking system for determining the position and location of a 
remote object with respect to a reference frame. This is accomplished by applying electrical signals to each of three 
mutually-orthogonal, radiating antennas, the electrical signals being sriultipiexed with respect to each other and contain- 
ing information characterizing the polarity and magnetic monisnt of the tadiatsd electromagnetic fields. The radiated 
fields are detected and measured by the three mutually orttiogona! receiving antennas having a known feiationshlp to 

IS the remote object, which produce nine parameters. These nine parameters, in contsination with one known position or 
orientation parameter, are sufficient to determine the position and orientation parameters of the receiving antennas with 
respect to the position and orientation of the radiating antennas. 

[001 4j U.S. Patent No. 4,849,692, describes a quantitative method Ibr measuring the relative position and orientation 
of two bodies in the presence of metals Measuring the position and orientation of receiving antennas with respect to 
20 the transmitting antennas is achieved using direct ctirrerrt electromagnetic field signals. Electromagnetic radiation is 
designed to be transmitted in a sequence by each of the mutually orthogonal radiating antennas. A receiving antenna 
measures the values of transmitted direct current magnetic fields, one dimension at a time, and those of the earth's 
magnetic field as well. This method requires repetitive acquisition and computations to determine position and location 
of remote objects. 

ss [001 5] Other methods which are known in the art for determining multi-dimensional positioning and orientation for air- 
craft and for helmets are described in U.S. Patent 4.849.692. European patent publication 0 576 187 A1. GB patent 
publication 2 137 078 A and U.S. Patent 4,314.251. 

[001 6] The above described prior art which is for use in nonmedical applications, utilizes sensors and other structures 
which are not suitable for use in catheters. Those references which are described as being useful for medical probes 

30 generally give less than six dimensional information (three position coordinates and three angular coordinates). 

[001 7] In document WO 95/02995, which constitutes prior according to Article 54{3) EPC, a system is disclosed which 
incorporates a catheter which includes a position measuring device which can determine the position of the catheter in 
three dimensions, but not its orientation. In these applications, this catheter is used to map the electrical activity at the 
inner wails of the heart and to ablate portions of the heart muscle in response to such mappings. The position of the 

35 catheter used for the mapping/ablation function is determined with reference to three position detecting devices which 
are positioned against the inner wall of the heart at three different stable iocations to form a reference plane. 
[0018] WO-A-90/1 3259 shows an ultrasound trarisducer fixed iri its axial Eolation capability. To generate ttsree-dimsn- 
sional uitrasound representations k'lowledge of tiie transducer position around the axis is not essential. The position is 
calculated using two sensors and two field induction loops 

40 [001 3] WD-A-92/03090 uses an axial symmetrical catheter wherein the degree oi freedom of rotation around its axis 
is not relevant. The coils shown are all axially directed and cannot be used to determine the orientation angle about the 
axis of the catheter. 

SUMMARY OF THE INVENTION 

45' 

[0020] The present invention is defined in independent claims 1 and 30. It concerns a catheter locating means and 
method that offers quantitative, high resolution locating information that, when assimilated with sensed local information 
results in a high resolution detailed map of the information. This map may optionally be superimposed on an image or 
Qlher representation of the organ architecttire. 
so [Q021 ] The locating means preferably generates continuous locaticsi and orientation information concerning a remote 
object, in particular a catheter, relative to a reference frame, in a non-iterative manner. 

[Q022] One aspect of the present invention relates to the provision of a new six-dimensional positioning apparatus 

suitable for use with a catheter. 

[0023] In a preferred embodiment of this system, a plurality of non-concentric coils are placed in a catheter adjacent 
55 a iocatable site, for example, its distal end. The coils preferably have orthogonal aws. The relative positioning of the 
coils differs from that described in the prior art in that the coils are separated in space and are not concentric. These 
coils generate signals in response to externally applied magnetic fields which allows for the computation of six poation 
and orientation dimensions. 
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[0024] A secorjd aspect of th© present invention is directed toward a new metliocl for computing muiti-dlmensional 
position and orientation of a coii systern from signals produced by the coils in response to a system of externaiiy applied 
electromagnetic fields. 

[0Q2S] A third aspect of the present invention allows for the mapping of the interior of the heart in a manner similar to 
5 that described in the above-referenced paterit applications assigned to the assignee of the present application, with the 

simplification that only a single six-dimerisionai looation/orientation detection sensor is used for reference. 

[0026] A fourth aspect of the present invention invoives an lilti asonic or other irriaging probe having a six-dimensional 

positioning capability in response to external electromagnetic fields. Use of such a probe obviates the use of ionizing 

radiation or sonic sensing for position determination and gives uftrasonic or other imaging information whose direction 
10 and orientation is completely known. 

[0027] A fifth aspect of the invention involves methods and apparatus for adding a controlled change in orientation to 

a catheter, thereby to allow for rnansuvsring of the cathode and Hs easy placement. 

[0Q2S] A sixth aspect of the invention utilizes the controlled change in orientation to allow for two or thrse-dimensional 
imaging using a non-scanning probe, such as an ultrasound probe or for three-dimensional scanning using a iwo- 
is dimensional scanning probe. 

[0029] Preferably one or both of the plurality of field generators or sensors comprises three distinguishable, non-over- 
lapping, generators or sensors. 

[0030] In a preferred embodiment of the invention, each sensor comprises a coil. Preferably, said plurality of coils have 
axes which intersect within a coll. When said plurality of coils comprises three coils, said coiis preferaljly have axes 
a! which do not ail intersect in a point. 

[0031 ] Preferably, the signal processor cross-correlates the signals corresponding to the drive and sensor signals. 
[0032] Preferably, the fields generated by each of the generators have a different frequency, a different phase, or both 
a different frequency and a different phase. 

[0033] In a preferred embodiment of the invention the field generated by each field generator has a different fre- 
35 quency, preferably fraiijuencies which are each integer multiples of a given frequency Preferably, the duration of the 
cross-correlation of the inputs is the minimal comirton prcsjuct oi the integer mulEipliets divided by the given frequency 
[0034] Preferably, the results of the cross-correlation are used to calculate the contribution of each field generator to 
the signal generated by each said sensor. 

[0035] in a preferred embodiment of the inversion the locating system includes a display system for displaying the 

30 position of the point on the invasive medical instrument. 

[0036] Preferably the locating system further comprises a reference instrument which includes a plurality of additional 
non-overlapping sensors situated in a reference instrument which sensors generate sensor sighals in response to said 
fields, wherein said display system displays the position of the portion on the irwasive medical instrument relative to the 
position of a point on the reference instrument. Preferably the reference instrument is an invasive medical instrument. 

35 Preferably, the sensors are situated proximats the distal end of the reference invasive medical instrument 

[0037] In a preferred embodiment of the invention the iccaiing system includes an additional sensor on a portion of 
the invasive medical instrument which senses a local coriditiori. 

[Q038] Preferably, the addifionai sensor senses tocai electr ica! signals, for example electrical signals from the endo- 
cardium of the patient's heart, and transfers them to terminals external to the patient's body 
40 [0033] In a preferred embcxiiment of the invention the signal processor processes the position and orientation coor- 
dinate signals and the local electrical signals acquired at a plurality of points on the endocardium to generate a map 
that represents the propagation of electrical signals through tissue in the patient's body 

[0040] In a preferred embodimerrt of the invention the additional sensor supplies electrical energy to the endocardium 

for ablating a portion of the endocardium. 
4s [0041] Preferably the locating system includes an electrode adapted for supplying electrical energy to the endocar- 
dium for ablating a portion of the endocardium. 

[0042] In a preferred embodiment of the invention the additional sensor is an ultrasonic transiTiitter./receiver. 
[0043] Preferably, the ultrasonic transmitter/receiver provides a less than three dimensional representation of the 
acoustic properties of tissue beyond the distal ersd. 
50 [0044] In a preferred embodiment of the invention, the distal end is deflectable. Preferably, the system includes image 
reconstruction circuitry which receives a plurality of said less than three dimensional representations acquired at differ- 
ent orientations of the distal end and produces a three dimensional map of the acoustic properties of tissue at least par- 
tially surrounding the distal end. 

[004S] The invasive medical instrument may be, for example, a catheter or endoscope, comprising a plurality of mag- 
55 netic field sensors, preferably coils, proximate frie distal end thereof. 

[0046] Prefer^ly the plurality of coils have axes which intersect within a coil. Where the plurality is three, the said 
coiis have axes which do not all intersect in a point. 

[0047] In a preferred embodimerrt of the invention, the instrument comprises an ultrasound transducer at said distal 
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©nd. Preferably, the uifrasound transducer provides a rqsresentation, prefer^iy a one or two dimensiona! representa- 
tion, of the acoustic properties of tissue beyond and along the axis of tis catheter. 

[00481 In a preferred embodiment of the invention, the instrument further comprises an electrical probe at said distal 

end. The probe Is preferably adapted to sense electrical signals generated by tissue which is in contact and conduct 
5 said signals to the proximal end of the catheter and/or to supply an ablative eieciricai signal to tissue contacting said 
terminai. In a preferred embodiment of the irwenfion. the instrument includes a sensor for measuring locai chemistry at 
the distal end. 

[00491 Preferably, the instrument include means for changing the orientation of the distal end. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] 

Fig 1 is a pictorial representation of the afpiication of a system for six-dimensional position and bearing determi- 
15 nation, in accordance with a preferred embodiment of the invention to a catheter located in a human body; 

Fig. 2 is a schematic, cut-away illustration of a generalized catheter having a six-dimensional location capability in 
accordance with a preferred embodiment of the present invention; 

Fig. 3 is a more graphic illustration of a portion of the probe showing a preferred embodiment of a sensor Ibr six- 
dimensional location; 

20 Fig. 4 is a block diagram of circuitry used to determine the six-dimensional coordinates of a catheter, in accordance 

with a preferred embodiment of the invention; 

Fig. 5 shows in expanded detail the basic flow chart representing a control sequence and its application to the block 
diagram of Fig. 4, in accordance with a preferred srrtoodimsnt of the invention; 

Fig. 6 is a block diagram representisig digital signal processing in the signal processor in accordance with a pre- 
ss ferred embodiment of the invention; 

Fig. 7 is a three-dimensional graphic representation o! the vectors forming the magnetic field at a point; 
Fig. 8 is a block diagram represerrting analog signal processing in the signal processor, in accordance with a pre- 
ferred embodiment of the invention; 

Fig. 9 is a simplified schematic of an analog filter element shown in Fig. 8. in accordance with a preferred embod- 
30 iment of the invention; 

Figs. 1 OA- 1 0D illustrate a principle of orienting the tip of a catheter in accordance with a preferred embodiment of 

the invention; 

Fig. 1 1 illustrates a principle of orienting the tip of a catheter In accordance vwth a preferred embodiment of the 

invention; 

35 Fig. 12 is a block diagram of ultrasonic acquisition and signal processing circuitry in accordance with a preferred 
embodiment of the invention; 

Fig 1 3 is a black diagram of image recoristrudion circuitry in accordance witi a preferred embodiment of the inven- 
tion; 

Fig. 14 is a partially schematic, partially cut-away illustration of a probe for electrical sensing, pacing and ablation 
40 in accordance with a preferred embodiment of the invention; 

Fig. 15 is a schematic block diagram for acquiring a basic electrogram map in accordance with a preferred embod- 
iment of the present invention; 

Fig. 16 Is a schematic block diagram representing a computerized endocardial mapping algorithm, in accordance 

with a preferred embodiment of the invention; 
45 Fig. 1 7 is a schematic block diagram representing a computerized pace mapping algorithm, in accordance with a 

preferred errsbodimsnt of the invention; 

Fig. 1 S is a schematic block diagram of an algorithm used to calculate the cross-correlation index while pace-map- 
ping, in accordance with a preferred embodiment of the invention; and 

Fig. 1 9 is a schematic block diagram representing an output configuration of an imaging system in accordance with 
so a preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0051 j Figure 1 shows a pictorial representation of a basic preferred application of ttie invention to the human body. 
55 In this application, a catheter 10 is inserted into an artery 11 of a patient using standard techniques. Catheter 10 com- 
prises a body 12, a locating sensor 14 and an active portion 16 at the distal end 15 of the catheter The active portion 
16, in accordance with various preferred embodiments of the invention, may include an electrical sensor, an ultrasound 
head, a fber optic viewing head, an electrical stimulator, an electrical or laser ablator, an ionic sensor, an oxygen or car- 
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bon dioxide sensor, an accelerometer, a blood pressure or temperature sensor or a cryogenic probe. In genera! the 
catheter will include leads, light guides, wave guides, etc. for energizing the active portion in response to commands of 
an operator. 

[0052] The position and orientation of the distal end of the catheter is ascertained by determining the position of the 
5 locating sensor, in a preferred embodiment of the invention, the locating sensor 14 conprises two or three antennas, 
for example coils which are irradiated by two or three radiators 18, 20 and 22, which are outside the body surface 23 of 
the patient. 

[0053] It should be understood that placerrient of the radiators, as we!! as their size and shape, will vary according to 
the application of the invention. Preferably the radiators useful in a medical application comprise wound annular coils 
10 from about 2 to 20 cm in diameter (O.D.) and from about 0.5 to 2 cm Ihick, in a copianar, triangular arrangement where 
the centers of the coils are from about 2 to 30 cm apart. Bar-shaped radiators or even triangular or square-shaped coils 
could also be useful for such medical applications. Moreover, In irsstanc^ where a prone patient will be the subject of 
a procedure involving the instant technology, the radiators are preferably positioned in or below the surface upon which 
the patient is resting, substantially directly below the portion of the patient's body wtiere a procedure is being per- 
is formed. In other applications, the radiators may be fairly close to the skin of the patient. 

[0054] The three radiators are driven by a radiator driver 24, preferably in a manner described below, and the signals 
received by the receiving antennas are amplified and processed, together with a representation of the signals used to 
drive radiators 18, 20 and 22, preferably in the manner described below, in a signal processor 26 to provide a display 
or other indication of the position and orientation of the distal end 15 on a monitor 27. 
20 [0055] Radiators 1 8, 20 and 22 may be arranged in any convenient position and orientation, so long as f hey are fixed 
in respect to some reference frame, and so long as the radiators are non-overlapping, that is, there are no two radiators 
with the exact, identical location and orientation. When driven by radiator driver 24, the radiators generate a multiplicity 
of distinguishable AC magnetic fields that form the magnetic field sensed by receiving antennas in the locating sensor. 
[0056] The sYtagnetic fields are distinguishable with regard to the frequency, phase, or both frequency and phase of 
35 the signals In the respective magnetic fields. Time muitipisxing is also possible. 

[0057] In practice the active end of the catheter may be used to gather inforniation, such as ultrasound echo informa- 
tion, electrical activity information etc.. and optionally to perform certain procedures on the arteries (or veins) or within 
an organ chamber 28 to which the artery {or vein) leads. Particular examples of organ chambers are the chambers of 
the heart, brain or gastrointestinal tract. It is a particular object of some aspects of the present invention to more accu- 
se rately map the elecirica! activity of the heart and to more accurately image the walls of the heart, as will be described 
in more detail below. 

[0058] Fig. 2 shows a schematic illustration of a preferred embodiment of the distal end of catheter ^0.A graphic iiius- 
tration of locating sensor 14 is shown In Fig. 3, Sensor 14 preferably includes two or more and more preferably three 
sensor coils 30, 32 and 34 wound on air cores. In a preferred embodiment of the invention the coils have mutually 

35 orthogonal axes, one of which is conveniently aligned with the long axis of the catheter. Unlike prior art location sensors 
(used for other applications) which contain three coils that are concentricaiiy located, or at least whose a.xes intercept, 
the coils of the preferred embodiment of the irvv-eritiori are cioseiy spaceci aiorsg the axis csf the catheier to reduce the 
diameter of the locating sensor and thus make the sensor suitable for incorporation into a catheter. 
[005S] For most aspects of the present invention, quantitative nieasLirement of the position and orientation of the cath- 

40 eter distal end relative to a reference frame is necessary, This requires at least two non-overlapping radiators that gen- 
erate at least two distinguishable AC magnetic fields, the radiators' respective positions and orientations relative to the 
reference frame being taxwn; a radiator driver which preferably continuously supplies the radiators with AC signals to 
generate the AC magnetic fields; and a location sensor, consisting of at least two non-parallel sensors to measure the 
magnetic field flux resulting from the at least two distinguishable magnetic fields. The number of radiators times the 

4s number of sensors is equal to or greater than the number of degrees of freedom of the desired quantitative measure- 
ment of the position and orientation of the sensors relative to the reference frame. 

[0060] Since, according to the invention the six position and orientation coordinates of the distal tip of the catheter are 
determined, at least two coils are required in iocaiion sensor 1 4. Preferably three coils are used to improve the accuracy 
and reliability of the position measurement, 
so [0061] Leads 36 are used to carry signals detected by the sensor coils to signal processor, via the p^'oximai end of 
the catheter, for processing to generate the required position informafiori. Preferably leads 36 are twisted pairs to 
reduce pick-up and may be further electrically shielded. 

[0062] In a preferred embodiment of the invention, coils 30, 32 and 34 have an inner diameter of 0.5 mm and have 
800 turns of 1 6 micrometer diameter to give an overall coil diameter of 1 -1 .2 mm. The effective c^ture area of the coil 
55 is preferably about 400 mm^. It will be understood that these dimensions may vary over a considerable range and are 
only representative of a preferred range of dimensions. In particular, the size of the coils could be as small as 0.3 mm 
(with some loss of sensitivity) and as large as 2 or more mm. The wire size can range from 1 0-31 micrometers and the 
number of turns between 300 and 2600, depending on the maximum allowable size and the wire diameter. The effective 
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capture area should be made as large as feasible, consistertt with the overall sise reQuiremaits. While the preferred 
sensor coll shape is cylindrical, other shapes can also be used. For example a barrel sh^ed coil can have more turns 
than a cylindrical shaped coil for the same diameter of catheter. Also, square or other sh^ed coils may be useful 
depending on the geometry of the catheter. 
5 [Q063] Leads 38 are used to power active portion 16 and/or to receive signals therefrom. The nature of leads 38, 
which may vary and may, for example, include an optical waveguide or other transmission media as appropriate to their 
task. 

[00S4] For example, an electrode located on the dista! tip of the catheter records local cardiac electrical activity for 
example, on the endocardium. These local electrograms (ECQ's) are transferred via leads 38 to the proximal end of the 
10 catheter and fed into an ECG amplifier. The ampiified ECG signals are transferred to the control system that presents 
to the physician the local electrogram morphology acquired from the sits whose location was determined at the same 
time. 

[0065] Figure 4 is a blocl<: diagram of preferred circuitry used in computing the position of locating sensor 14. In this 
exemplary embodiment, three radiators 18, 20 and 22 and three sensor coils 30, 32 and 34 are used. Radiator driver 
15 24 provides distinguishable, simultaneous AC current signals to each radiator. Control circuitry 40 utilizes D/A conver- 
tors 42, 44 and 46 to generate three sine waves of three different frequencies, f-j, f2 and fs, which are output separately 

to signal amplifiers 48, 50 and 52. 

[Q066j In order to achieve a fast response locating system the use of slow re^onding filters has been eliminated by 
using cross-correlation of the radiated and the received signals. This cross-correlation is performed over a window in 
20 time which contains an integer number of the cycle lengths of the three radiated signals. Use of an integer number of 
cycles generaiiy results in a decrease in processing errors and a more accurate determination of the reiaiivs amplitude 
and phase of the signals received by the sensor coils. !f non-integral cycle lengths are used an error In the cross-corre- 
lation generaiiy results, unless a very long correlation window is used. 

[00671 If a short correlation window is used, (the shortest is the minimal common product of the cycle times), the ratio 
2S between frequencies should be a rational number. The frequency of a radiator c, f^, where c = 1 , 2 or 3 should satisfy 
the equation: 

30 where is any positive integer such that n1 n2 , n2 St n3 , and n3 ?t n1 , and f^ is an arbitrary base frequency to 
assure that integral cycle lengths can be used for cross-correlation. 

[0068] The radiating driver amplifier output signals are delivered to the radiators through current sensitive circuitry 54, 
56 and 58, such as a resistor, loop or more sophisticated circuitry as is known in the art. The current-sensitive circuitry 
produces an output which represents the amplitude and phase of the driving signal for the radiators and which is 

35 passed to signal pr.scsssor 26. With this arrarigernent, the three radiators will generate a magnetic field composed of 
three differently oriented field components each having a different known frequency Each of these fieid components 
will be serissd by each (jf sensor c:o!is 30, 32 and 34 whirih will each prociijce a signal coiTiposed of three frequency 
components having different arnpiitucies and phases depending on the relative distance and orientation of the particular 
sensor coil and particular radiator whicii :adiaies a particuiar frequency, 

40 [0063] The outputs signals of sensors 30, 32 and 34 are atnpiif ied in amplifiers 60, 62 and 54 respectively and passed 
on to signal processor 26. 

[0070] Fig. 5 shows in expanded detail the basic flow chart representing a control sequence and its application to the 
circuitry of Fig. 4. During the initialization phase, indicated by block 66, the frequencies of the three sine waves, the 
physical position and orientation of radiators 18, 20 and 22 in respect to a reference frame, the properties of the radia- 
ns' tors and sensors and the coordinates of a single point in the mapping field are defined. Sine waves having respective 
frequencies f^, and fs are synthesized as indicated by tatock 68, for example in control 40. These generated frequen- 
cies are transmitted, preferably continuously, by radiators 18, 20 and 22 as Indicated by block 70 and as described 
above with reference to Fig. 4. The control sequence enters a timing loop 72 liiat periodically sends signals to activate 
the signal processor to cross-correiate the coil sensor signals with the radiated sign^s and to calculate the orientation 
so and position of locating sensor 1 4 relative to the ref ei'sncs frame. 

[0071 ] Both analog and digital embodiments of signa! processing are possible in accordance with preferred embodi- 
ments of the invention. These different approaches can be modified in a variety of ways by those skilled in the art, and 
can be combined in different modes in order to practice them simultaneously Some applications of the present inven- 
tion would benefit from the digital approach, while the analog approach may be the preferable solution in other cases. 
ss [0072] The digital embodiment is described in conjunction with Fig. 6, which is a functional block diagram of signal 
processor 26. The inputs to the processing block are Uie signals from amplifiers 60, 62 and 64 {the sensor coil signals) 
denoted by SIG and inputs from current sensing circuits 52, 56 and 58 denoted as CUR. In this embodiment the six 
input signals are converted from analog to digital signals by an array of A/D converters 74. The sampled digital signals 
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are passed to the "calculate cross correlation" block 76, which may consist of dedicated circuitry or which may be per- 
formed by a dedicated or shared microprocessor. Using the six data streams (three AC currents flowing through the 
radiators and three sensor readings) the cross correlation elements can be calculated using the following method: 
[0073] Givm that 

SiGs is the amplified output of sensor s, where s = 1 , 2 or 3; 
CURc is the current flowing through radiator c, where c= 1 , 2 or 3; 
ft) is an arbitrary base frequency; 

fo is the sampling frequency which is an integral multiple of and 

and N is the correlation length in number of samples, N=K(f Q/f , where K Is any positive integer, 

the correlation between CURc and the sine wave of frequency is: 

= (2/N) • XCUR JiJ • sin(27cf (;(i/f o)); (3) 

and the correlation between CURc and the cosine wave of frequency fc is: 

A° = {2/N) • ICUR J] • cos{27cf ^(i/f q)); (2) 

where both summations are taken over i from ^ to N. 

The correlation between S\% and the sine wave of frequency f^ is 

B8,c = (2/N) . XSIG,[i] • 8in{2«f,(iAo)); (4) 

and the correlation between SIGg and the cosine wave of frequency f^ is 

= (2/N) • ISIG s[i] • cos(27if ^{lA <,)) ; (5) 
where both summations are taken over 1 from 1 to N. 

[0074] A preferred ratio of fi , f2 and F3 is 1 , 2, 3 and preferred frequencies are 1, 2 and 3 kHz. The useful frequency 
range is believed to lie between 50 Hz and 50 kHz. 

[0075] The calculation of the fields and currents, designated by block 78, can also be performed using either dedi- 
cated circuitry or a dedicated or shared microprocessor. The amplitude of the current through each radiator can be 

calculated using: 

A, = |A;,+jA°j (6) 

and the magnitude of the field generated by each radiator, B^^l, can be calculated using: 

|B,,j = |8„i,+jB°J (7) 

[007S] The phase between the current in radiator c and the field senised by sensor s, *Ps c, is 

arg(B^ + jBf ^) - arg{Ai+jA°) (8) 

where s is the phase delay between the radiated field and the field as read by sensors s. The amplitude of the field 
generated by radiator c as sensed by sensor s is: 

Bs,c = |Bs,ci.if|«l>s,ol<90° m 
Bst, = -iBg,,i, ifi<|>^,i > 90° (9b) 

[0077] The magnetic field for every possible location and orientation of the sensor in the mapp^ie space can be 
obtained by uang: 

1) The field equations of the radiators used in a specific embodiment, 

2) The exact position and orientation of the radiators, and 

3) The current flowing through the radiators A-, 
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[0078] Preferably the contributions of ^cfi field generator are used to soive a set of field equations, wliich are 
dependent upon the field form. Solving th^e equation sets produces the localjon and orientation of the remote sen- 
sors, most preferably simultaneously. 

[0079] More particularly, the field equations are derived specifically for each embodiment and are dependent on the 
geometry and characteristics of the radiators. In the prderred embodiment of the invention where the radiators are 
coils, the field equations can be described as follows: 

[0080] For a coil with N turns a radius R and a current I, the radial field component at a distance r is 

Br(I.T;cose)=(2jcR^10'"'' • Nl/r^) • X(2i+1)P2i(0) • (RJrf' 'P.^,^^ (cose) (10) 

and the tangential field component is: 

B g(i, r;cose)=(2ic R ^ 1 0 • Nl/r ^)i:P 21+2 (0)(R/r) ^' P "' g^^, cose 

where the sums are from 1 =0 to i=oD and where Pn(x) is a Legendre Polynomial of degree n, and calculated recursively 
by: 

Po(x) = 1 

Pi(x)=x (12) 

Pp(x) = 1/n [(2n-1) X P^..| (X) - {n-1) (x)] 
[00B1 1 P II (X) is a generalized Legendre Polynomial of degree n, and calculated by: 

Pj(x)= -(n+l)-x.(Pn(K) - Pn_i(x))/(l-x^)^ for |xj < 1 

=0 for |X| - 1 (13) 

10082] These field equations are correct for r>R for a radiator located in location P. The field induced at location Kis, as 
shown in Fig. 7, given by: 

B=Bu6 + B„W 

B^, sBfSine + BgCOse (14) 

B,, = B^cosO - B„sin8 

where 6 is a unit vector in the radial direction of the radiator located ai P and W is a unit vector in the tangential direc- 
tion of the radiator located at Using this general field equation one can calculate the field at point K generated by each 
of the radiators. 

[008S] The remote sensor orientation, daioted by V determines the field sensed by this sensor at this location (fQ. 

B.V = B^ (15) 

[D0B41 Therefore the field sensed by a remote sensor is 

B^. = B(P, 6, 1, R. V) (16) 

where K and V are the unknown variables, and 6 . P and I are the known variables for any given coil. 

[Q0S5] In the example embodiment there are three radiators; therefore there will be three known values of P and three 

known values of 6 . The three sensors have a fixed and known location and orientation in the remote object reference 

frame. For each position and orientation of the remote object, one can compute the location and orientation of each 

sensor in the radiator reference frame and therefore compute the field sensed, By, for each radiator and each sensor. 

In the case of the present location system, each field sensed by each sensor from every radiator is measured and the 

field equatiais are solved to obtain the location and orientation of the remote object (x, y, z, e,^,and Q. 

[0086] The results of this approach for the three radiator, three sensor system used here as an example, are nine non- 
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linear algebraic equations with six variables (namely, x, y, z of the sensing means position and s,^, and C lor the location 
sensor orientation) in the form of: 

([F,, (x.y.z.sU.C) = B J3^i 23)^, 23 (17) 

[00S7] In this embodiment of the invention, the nine sensor readings {B^ c) a^e the measured quantity, and by solving 
this overdetermined system of equations (using a variety of known numerical methods such as the Ne^vton-Raphson 
method for non-linear systems of equations or Multidimerssional Secant Methods, specifically Broyden's method), the 
location and orisntation of location sensor 14 is determined. A description of several possible numerical methods for 
10 solving such a set of equations is found in William H. Press et al, "Numerical Recipes in C. The Art of Scientific Com- 
puting", second edition, Cambridge Univasity Press, 1992. The location sensor position and orientation are displayed 
on monitor 27. 

[00B8] An ECQ monitor may be used to synchronize the acquisition of the signals from the sensor coils so as to 
remove cardiac motion artifacts from the position information. Furthermore, a reference sensor may be attached to a 
IS portion of an organ being tested or treated, such as the heart, which will be used to correct for breathing nxrtion or 
patient movement. In this way, the acquired sensor positions may be referenced to the organ structure and not to an 
absolute outside reference frame, which is less significant. 

[0089] in an analog based embodiment of signal processor 26, some of the parameters are calculated using analog 
circuitry. Fig. 8 is a schematic of one analog based embodiment of signal processor 25. In this embodiment, three sine 

30 and three cosine wave signals of frequency fi, f,, and fa, are used in addition to the SIG and CUR signals used in the 
embodiment of Fig. 6. The SIG and CUR signals are filtered by 12 phase sensitive filters (correlators) 80, such as are 
shown in Fig. 9 to produce signals indicative of the sine and cosine components of the SIG and CUR signals. 
[OOSO] These analog signals are then passed to a set of A/D converters 82. The fields and currents and positions are 
calculated in the same manner as described above with respect to Fig. 6. 

35 [OOSl] Fig. 9 shows the expanded view of one possible enrijodiment of one of the analog filter elements of Fig. 8. 
Each analog filter unit has three inputs; a cosine wave cos(2Kf j.) , a sine wave sin(2jtf j.) , and the signal, either one of 
SIGs or CURg from which the frequency component fg is to be extracted. Within the analog filter unit the signal is mul- 
tiplied by sin(27ifo) and cos(2Hf j) in multipliers 84 and 86. The results are passed through low pass filters 88 and 90 
to obtain the desired components of the signal. 

30 IQOBZ] The description ^ove primarily concerns acquiring information by a set of two or more sensors that is used 
to determine the position and orientation of a remote object or a point on a remote object such as a medical device or 
instrument. It is also within the scope of the invention that a remote object will have more than one set of sensors, pref- 
erably from 2 to 6 sets of sensors, that will provide sufilcient parameters to determine the shape and.''or cosTf iguratlon of 
a remote object, preferably relative to a reference frame. For example, if the catheter has additional sets of sensors 

35 located proximal to its distal tip, it would be possible to determine the shape and/or configuration of portions of the cath- 
eter. Similarly for another invasive procedure such as a sigmoidoscopy or colonoscopy, it may be possible to determine 
the shape and.'bf configuration of some or all of the sc;Dpe usai 

[0033] The equipment necessary to practice the invention is mostiy conventional. In one embodiment of the invention, 
the controller is a simple off-the-shelf 486 IBM compatible computer. The A/D boards are commercially available and 

40 have the characteristic of being able to sample at least 8 channels with a sampling frequency of between 500 - 40,000 
samples per second on each channel. An example of such an A/D Board is the National Instruments AT-MI0-16X that 
is available from National Instruments, Texas, USA. The D/A function is achieved using commercially available 8-21 bit 
resolution D/A boards. Examples of such a D/A are the National Instruments A/D,D/A Board AT-MI0-16X or National 
Instruments DSP model AT-DS2200, Vn& radiation driver amplifiers are commsrciaHy available, with 2-16 ohms output 

45 impedance and an output power of 60-500 watts. An example of such amplifiers is the Inkel amplifier type NA-420, from 
Inkei of Seoul, Korea. The radiators are also commefcially avaiisbie sna have the following characteristics: 1-6 cm 
radius, 0.5-3 cm thickness, and 100-500 turns made of copper wire ol diameter 0.1 -0.95 mm. A specific example of 
such a coil could be coils having a 4 cm radius, 1 cm thickness with 1 -51 turns of copper wire of 0.41 mm diameter. 
[00S4] While the sensor described above is preferred, olher sensors rsiay be suitable for some applications, such as 

so Hall effect sensors, for example those available from Alleg:o Micro Systems, Inc.. USA or magneto-resistor sensors, 
sensors, flux gate magnetic sensors, and/or other rnagrigtic flux sensors. 

[0035] Controller 40 represents an assemblage of uriits to perform intended functions. For example, such units may 
receive information or signals, process information, function as a controiier, display information, and/or generate infor- 
mation or signals. Typically controller 40 m^ comprise one or more microprocessors. 
ss [0096] In accordance with a preferred embodiment of the invention, active portion 1 6 of catheter 10 is a forward look- 
ing ultrasound ssnd/rsceive transducer. Such a transducer can give a one-dimensional map of the acoustic properties 
of the material lying in front of it by radiating a focused beam of pulsed acoustic energy and then measuring the echoes 
of the beam reflected by changes in acoustic properties along the path of the beam. In order to provide a three dimen- 
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sionai image it is necessary to change the direction of the beam, preferably vwthout changing its position by a great 
amount. 

[00971 !n particular, such a steerabie, one dimensional acoustic transducer can be used to map the heart walls or 
blood vessels, ultrasonicaliy, from inside frie heart. When coupled with a reference location sensor at a reference point 
5 on the heart and ECQ gating of the acousiic puises, such a transducer can generate the information required to form a 
three dimensional image of the heart or blood vessels or any other organ, at one or several different phases of the heart 
cycle. 

[0098] The principle of two preferred embodiments of a steering mechanism are shov/n in Figs. 10A-10D and 1 1 
respsctivsiy. Fig. 1 0A shows a steering mechanism 92 that fits into the dista! end of a catheter and comprises two steer- 

10 ing wires 94 attached to a steering head 96. Head 96 is formed of a relatively flexible material such as stainless steei 
and is siit along its axis, each side of the split being attached to one of wires 34. Such a head may be manufactured by 
attaching two wires (94) at their end and then ilatisning the wires to form a mors easily bent structure. 
[0GS3j Attached to the distal end of the stea-ing head is a relatively rigid housing containing locating sensor 14 and 
active portion 16 which, in the piesent preferred embodiment, is an ultrasonic send/receive transducer. At least head 

is 96 and wires 94 are encased in a catheter sheath 104 which is not shown in Figs. 1 0A- IOC for clarity of presentation. 
This steering mechanism can also be used for other active portion types such as for electropysiologic m^ing proce- 
dures and for improved steering of catheters or many types, with or without location sensing. 
[0180J In Fig. 10B one of wires 94 has been shortened as compared with tie other wire. Since the catheter sheath 
holds the wires together, the result of such shortening of one wire Is bending of the head, which is facilitated by the axial 

20 slit. Locating sensor 1 4 and active portion 1 6 are rigidly attached so that measurement of position and orientation of the 
locating sensor will give the position and orientation of the active portion (uiirasound transducer). By varying the angle 
of bending and rotating the catheter, Imaging over nearly 360^ image can be achieved. Additionally or alternatively, as 
shown in Fig. IOC, the amount of rotation can be reduced by shortening the other wire and which causes bending in 
the other direction. Slight motion of the transducer can be corrscled by a simple translation of the acquired one dimsn- 

ss sionai image associated with the particular position. 

[0101] Fig, 10D shows a mechanism 98 placed at the proximal end of the catheter for changing the relative lengths 
of wires 94. A handle 100 comprises a housing 102 to which catheter sheath 104 is attached. The proximal end of wires 
94 are formed in a loop {for example by welding the ends of the wire) and wrapped around a spindle 106 which is pref- 
erably fixed and which forms a frictional contact with the wires. 

30 [01S2j A lever 108 is rotat^iy attached near its center at a pin 1 10 to the housing and is attached at one end to wire 
94 and at the other end to a slider 1 12 which is siidable parallel to the housing. When the slider is moved, one of the 
wires 94 at the distal end is lengthened with respect to the other. 

[0103] Fig. 1 1 shows the distal end of a catheter having an alternative steering mechanisEn. A relative rigid sleeve 1 1 4 
is placed within cathode sheath 104. Sleeve 1 14 can be axtaliy displaced relative to the sheath from the proxina! end 
35 of the catheter, 

[0104] The distal end of sleeve 104 is formed with a disk 1 16 through which a reiatlveiy less rigid wire 1 i 8 passes. 
Wire 1 18 is formed with a permanent bend near its dista! enci at which srid, positicsn sensor 14 anci active portion 16 
are attached. Axial movanent of sleeve 104 straightens wii e 1 1 8 resulting in a change :n orientation of both the position 
sensor and the active portion. If wire 118 is sited off axis, then rotating the wire will rotate the catheter. 

40 [0195] It should be understood that steering of acoustic beams may also ta© achieved by a moving mirror or by a 
phased array ultrasonic transducer, and that such a mirror or other arrangement may be present in the active portion. 
Such active scanning may supplement or replace the passive steering provided by the mechanisms of Figs. 10 and 1 1 . 
[OlOSj Fig. 12 shows a simplified system block diagram of ultrasonic acquisition and image formation in accordance 
with a preferred embodiment of the invention. An image sensor 120, such as the ultrasound sensor described above, 

45 transmits an acoustic puise 1 22 in response to a signal received from a transmitter driver circiiit 1 24. An acoustic echo 
1 26 (generally comprising several echoes) is received by the image sensor which produces an echo signal, which when 
amplified, is sent to a receiver processing circuit 128 which generates a one dimensional "image" at its output 130. 
information identifying the heart phase of the image may also be present at output 130 which may comprise a plurality 
of output ports. In one embodiment of the invenlion, especially uselui ior heart imaging, the acquisition of the image is 

so made in response to signals received from an EGG monitor i32. This allows for acqulsiticn of images at a particular 
portion of the heart cycle so that ttie various one-diiTnensional irnages can be easily reconstructed into a three dimen- 
sional image. 

[0107] in particular, if the most significant echo is used as the measure of the distance from the ultrasonic sensor to 
the chamber along the measurement direction of the sensor, then the collection of such distances (referenced to a ref- 
55 erence point in the chamber) will allow the reconstruction of the surface morphology. 

[0108] Fig. 1 3 shows a simplified block diagram of a three dimensional image reconstruction system which utilizes a 
series of one dimensional images generated by the circuitry of Fig. 12 and continuous sensed location and orientation 
Information generated by the position locator and its associated circuitry as described above, in general It is useful to 
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acquifs the sensed iocation and orientation to coincide with th© acquisition of each one-dimensiona! image. One of the 
various methods described above for steering the disia! lip of the catheter is used to acquire a plurality of one dimen- 
sional images with a plurality of orientations. An automatic mechanism may be used to continuously change the orien- 
tation of the imaging head m accordance with the principles of Figs. 10 and 11 and to rotate the catheter so that 

5 operator intervention is not required. 

[01 OS] An image recoristruction processor 132 orients and references the individual one dimensional images in 
accordance with the sensed location and orientation information and forms a 3-D image which can be presented on an 
image display 1 3 either in the form of a series of two dimensional slices or a full three dimensional reconstruction. When 
images at different points in the heart cycle are acquired, the image displayed may be a cine irrsags of the reconstruc- 

10 lion, 

[0110] In a preferred embodiment of the invention a tjvo dimensional image Is acquired by the ultrasound sensor 
which can be a phased array of acoustic crystals of a single crystal in conjunction with a mirror rotating about an axis 
that deflects the ultrasonic beam in a predetermin«i path. 

[01 1 1 ] In a preferred embodiment of the invention active portion 1 6 comprises a sensor for sensing eiectricai signals 
15 generated at selectable positions on the heart. As described below, such sensings of electrical signals can be used to 
map the electrical activity of the heart. The active portion may also include an electrode useful for pacing the heart 
and/or for ablating a portion of the heart. Such ablation is especially useful in the treatment of the most common lethal 
cardiac arrhythmia, ventricular tachycardia (VT), i.e., very rapid and ineffectuaj contractions of the heart muscle. VT is 
the cause of death of approximately 300,000 people annually. !t is also useful in the treatment of other arrhythmias. 
so [01 12] A catheter useful for eiectricai mapping of Uie heart/ablation Is shown schematically in Fig. 1 4. 

[01 1 3] Active portion 1 6 comprises a conducting lip, preferably of platinum, having a length of between 1-12 mm, pref- 
erably about 2 mm. The tip is connected via a tip electrode lead-in wire 1 38 to a switch at the proximal end of the cath- 
ode which switches the tip to a source of voltage for pacing or/ablating or to a detector for detecting eiectricai signals 
generated by the heart. A conducting ring electrode 136 Is placed, prcsximal to localing sensor 14, on the outside of 
35 catheter sheath 104 and is connected to ground or to a recorder via a return lead 140. When used for pacing, as 
described below, a 1-10 ma puise is applied between tip 16 and ring electrode 136. When used for ablation RF energy 
at about 0.5 MHz and 10-100 V is applied for 10-200 sec. 

[0114] Locating sensor 14 is rigidly attached to the tip and the sensor and tip may be manipulated by an eccentric 
wire 142. The twisted wire leads are preferably shielded by a shield 144 to reduce pickup from the relatively high volt- 

30 ages carried by leads 1 38 and 1 40. 

[01 1 5] Preferably, an electrically Irtsulating heat shield 1 46 is placed between the tip and the locating sensor. 
[0116] Fig. 15 is a schematic block diagram for acquiring a basic electrocardiogram map in accordance with a pre- 
ferred embodiment of the Invention, Using a transesophageal schocardiograph In the prsisrrsd embodiment, a multi- 
plane image of the heart chambers is acquired prior to the mapping study. The image is acquired only during a fiducial 

35 point in time during the cardiac cycle. In the preferred embodiment, the image Is acquired at end-diastole in response 
to an end diastole synch-signal, A three-dimensional image of the heart chambers is reconstructed Indicating the endo- 
cardial morphology and the location of one or rrsore refererice catheters within the heart chamber. This image can be 
acquired by a 3-D transesophogal ultrasound image, by a CT scanner, by an MR! scanner or by other Irtiaging tech- 
niques. The image can also be constructed by touching the catheter to the surface of the chamber (endocardium) in a 

40 number of places and measuring the positions. These points can then be used to describe a thee dimensionsional sur- 
face which represents the chamber surface. 

[0117] In aforementioned document WO 95/02995, in which fewer than six location and orientation values were deter- 
mined, reference beatable catheters were placed at three positions in the heart to form a reference plane against which 
the position of the active catheter was referenced. Preferably, these reference iocatable catheters were placed, for 
45 exarrple, in the right ventricular apex, the right atrial appendage, and the pulmonary artery at the level of the pulmonary 
valve, r^pectiveiy. When a reference catheter having a location sensor 14 as described hereinabove is used for refer- 
ence purposes, oniy a single sensor is required So define the relative iocation and orientation of the mapping catheter. 
While any of these locations can be used, it is presently preferred to place the reference sensor in the distal coronary 
sinus, 

so [Ot 1 8] Fig, 1 6 is a schematic block diagram for illustrating the computerized endocardial activation majping algorithm 
{used during sinus rhythm mapping and during ventricular tachycardia mapping). A visible or audible indicator prefera- 
bly indicates the beginning of a data point acquisition. Both electrical activity and location/orientation data are acquired 

for each point in the map, 

[01193 The acquisition of catheter location information is shown in left branch of the block diagram of Fig. 16. The 
ss mapper electrode is in steady and stable contact with the endocardium. Stable contact is determined by measuring the 
stability of the location reading, the stability of the sensed electrograms and the impedance of the contact. 
[0120] The position and orientation of the locating sensor in the mapping catheter are determined continuously in 
accordance with the method described above and are saved in response to an end diastole synch signal. The mapper 
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catheter tip is iocaiized relative to the reference catheter by finding the difference in eacii of tiie six dimensions of the 
location and orientation. Generally speaking, for the present application the orientation of the mapper caitiode is not 
required, however, it must be acquired to property transform its location and orientation to an internal heart coordinate 
system. 

5 [Q1 21 j Simultaneously, the activation time of the heart at the mapper cathode tip is determined as shown on the right 
side of Fig. 16. First the local eiectrocardiogram at the tip of the mapper catheter is acquired and the activation time is 
calciilated based on comparing the amplitude and slope of the local electrocardiogram to a template or manually by the 
user. The local activation time is then defined with reference to the activation time measured by an ECG terminal on the 
skin of the patient. 

10 [Ql22j The process of data acquisition can be terminateci by the user, or can be evaluated by an "evaluate activation 
map" algorithm described below, that examines the already acquired activation map for the density of information rela- 
tive to the spatial gradient of activation times. This algorithm can indicate the next preferable site for activatior! time 
detection. The catheter is moved by tie user to the new site, and the process of mapping continues. 
[Q123j During VT a data point is determined about every 4 to 6 heart beate. TTius, approximately 15 to 25, typically 

15 about 20, data points can be determined each minute. 

[0124] Fig. 17 is a schematic block diagram for illustrating the computerized pace mapping algorithm. A visible or 
audible indicator indicates the beginning of a data point acquisition. AcquisititMi of position information is similar to that 
for Fig. 1 6 except that the average mapper location in the previous n heartjeats (n is the moving average window dura- 
tion) is calculated. 

20 [0125] The right side of Fig. 1 7 shows the determination of the AC! (AutoCoreiation index) in a pace mapping mode. 
[0126] In a "pace mapping mods" an ECG processor acquires ECG data while the patient's heart is paced by an 
externa! source at a rate similar to the patient's arrhythmia cycle length. The ECG data is also acquired from the body 
surface electrograms, and the signals are stored as a segment of ECG with a length of several cycles. The signal 
acquired is subjected to automatic comparison with the patient's own "VT signal (see Fig. 1 8) . The comparison between 

?.s arrhythmia morphology and paced morphology is performed in two stages: First, the phase shift between the template 
VT signal and the paced ECG morphology is estimated using minimal error or maximal cross-correlation for two signals. 
Then, using this phase shift estimated from an index ECG channel, the similarity of the VT and the Raced ECG mor- 
phology is measured as the average of the cross-correlation or the square error of the two signals of all channels 
recorded. 

30 [01 27] This Iwo-stage calculation is repeated each time using a different ECG channel as the index channel for deter - 
mining the phase shift. 

[Q128j At the end of this procedure the minimal error or the maximal cross-correiation found will be reported to the 
operator as the AG! of this pacing sits. 

[0129] Fig. 1 S is a schematic block diagram illustrating an algorithm used to calculate the cross-correlation index while 

35 pace-rnapping in accordance with a preferred entscdirfsent of the invention. Bo&'y sutlace ECG data is acquired at 1vi/o 
stages. First, during spontaneous or pacing induced VT, and second, during pacing the endocardium at different sites. 
The EGG data acquired during VT ;ire sign;:! avaragiEid, and a terr!f)late is corjstructed (T^^, for each chanrtei recorded). 
During endocardial pacing the ECQ data Is acqjlreci. and the sanne number of beats (N) is acquired to calculate the 
signal averaged QRS (Pji-,, for each chafinel recorde'd;. The algorithm then calculates the phase shift between P.-^-. and 

40 Tch, which yields for the first channel the maximal cross-correiation. This time shift is used to shift the remaining chan- 
nels and calculate for them the cross-correlation. All cross-correlations for all channels are summarized and stored. The 
algorithm then uses the next channel recorded to calculate the time shift that will cause maximal cross-correlation in 
this channel. Now this time shift is applied for all cross-correlations between Pgh and Tch. and again all cross-correla- 
tions are summarized. This procedure is repeated for all channels, and the maxima! cross-correlation achieved is used 

45 as the value of the cross-correlation of the Tg^, and the P^h at this site on the endocardium. 

[0130] FIG. 19 is a schematic block diagram for illustrating the oirtput configuration of the present embodiment. A 
quasi-static picture of the heart chambers is presented as 3-D reconstruction of a basic image acquired prior to or dur- 
ing the study as previousiy described. Superimposed on the image is the location of the mapping/ablation catheter (cor- 
rected for the movement of the reference catheter) arid the current and previous information acquired from the srsapping 

SG study. This information may include, when appropriate, the activation times (presented using a color code at each acqui- 
sition site) or cross-correlation index (ACI) for each point in the pace m^. Furthermore, the map can represent in the 
color coding the duration of the local electrograms, the presence of fragmented activity as well as various other varia- 
bles calculated by the giectrophysiologic processor. 

[01 31 j The above principles can be applied for mapping other structures of the body, for example, of the urinary blad- 
55 der, brain, or gastrointestinal tract. Dependent upon the examination technique, the catheter may be replaced by a nee- 
dle whose tip is the locafable sensor port. 

[0132] At each stage (sinus rhythm mapping, pace mapping and VT moping) after each data point is acquired, all 
available Information Is reassessed for two purposes: first, to suggest to the operator the next site for data acquisition, 
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and second, to test the available information to propose a site for abiation. 
[01 33] Two aigorifrims are running simuitaneousiy to perform this procedure: 

(1) Mapping guidance algorithm. This algorithm uses as an input the available mapped information of a certain var- 
iable (e.g., local activation time during sinus rhythm). The algorithm calculates the spatial derivative of the mapped 
variable (i.e., activation time in this example) and calculates the next best location for adding another data point 
when the objective function is regularizing the spatial gradients of the mapped variable. For example, this algorithm 
will suggest thai more data points be acquired in areas in which the mapped variable is changing significantly over 
a short distance. 

Th© location suggested by the algorithm is be presented to the operator as a symbol on the display. The same 
display already sham the basic image of the heart chamber and tte current location of the mapping/abiation cath- 
eter. Therefore, the operator will move the mapping/ablation catheter to reach the suggested location for further 
data acquisition. 

This algorithm is most beneficial during VT mapping, where the available time for data acquisition is limited by 
the adverse hemodynamic effects of the arrhythmia. Therefore, such an algorithm which examines the available 
data points of a map in real-time and immediately suggests the next site for acquisition is very useful. 

(2) Proanosing likelihood of successful abiation algorithm. This algorithm is a user-defined set of hierarchical rules 
for evaluating the acquired information sudi as the rules given immediately below. The operator is expected to 
grade the Importance of the specific information acquired in the mapping/abiation procedure, as to its likelihood to 
identify the correct site for ablation. 

Grading of mapping results suggesting the likelihood of successful abiation at ihat site (A highly likely suc- 
cessiu! and D = least likely successful): 

(a) The identification of a typical re-enirasTt patiiway on VT mapping with an identifiable common slow pathway 
- Grade A; 

(b) The identification of a sits with over 90% correlation index in the pace map - Gtade B; 

(c) The identification of a site where VT was terminated with a non-capture premature stimulus - Grade C; and 

(d) The identification of pre-potentia! maps recorded during VT, which are similar to diastolic potential maps 
recorded during sinus rhythm - Grade D. 

[01 34] Other types of electrographic maps of Sie heart are also possible. By use of vari^les determined from paced 
or non-paced acquisitions of electrographic data, the following additional maps can be generated: 

(1) Sinus rhythm activation map (isochronal map); 

(2) Diastolic potential occurrence time map 

(3) Local latency isochronal map during pace mapping; 

(4) Activatiori time isochronal map during VT; and 

(5) Pre-potentiai isochronal map during VT mapping. 

[01 35] Also, the sites where VT was terminated by a non-captured premature stimulus can be presented, 

[01 36] The acquisilion of these maps and of other factors suitable for mapping and procedures for their determination 

as well as additional details of the above mapping procedures can be found in the above mentioned document WO 

95/02995. 

CSaims 

t . A locating system for determining the location snd orientation of an invasive medical instrument (1 0) relative to a 
reference frame, comprising: 

a plurality of field generators (18,20,22) which gsneiate known, distinguishable fidds in response to d.ive sig- 
nals: 

a plurality of sensors (-i 4) situated in the invasive iriedicai instrument (10) proximate the distal end (15) thereof 
which generate sensor signals in response to said fields; and 

a sign^ processor (26) which has an input for a plurality of signals correspcsiding to said drive signals and said 
sensor signals, characterized in that said signal processor (26) is arranged to compute the three location coor- 
dinates and three orientation coordinates of a portion (16) of the invasive medical instrument (10), re^onsive 
to said drive and sensor signals. 
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2. The locating system according to claim 1 wherein one of the plurality of field generators (18,20,22) or sensors (14) 
comprises three distinguishable, non-ova-lapping, generators or sensors. 

3. The locating system of claim 1 wherein said plurality of field generators (1 8,20,22) comprises three distinguishable, 
non-overlapping, generators and said plurality of sensor comprises three distinguishable, non-overlapping sensors. 

4. The locating system of any of claims 1 -3 wherein each sensor (14) comprises a coil (30,32,34). 

5. The locating system for claim 4 wherein said plurality of coils (30,32,34) have axes which intersect within one of 
said coils (30,32.34). 

6. The locating system of claim 4 or claim 5 wherein said plurality of coils (30.32.34) comprises three coils and 
wherein said coils (30.32.34) have axes which do not all intersect in a point. 

7. The locating system of any of the preceding claims wherein the fields generated by each of the field generators 
(18,20,22) have a difl'erent frequency, a diffa-ent phase or both a different frequency and a diflerent phase. 

8. The locating system of any of the preceding claims, wherein the field generated by each field generator (1 8,20,22) 
has a different frequency. 

9. The locating system of claim 8, wherein the frequencies of the field generators (18,20,22) are each integer multi- 
ples of a given frequency. 

10. The locating system of any of claims 7-9, wherein the signal processor (26) cross-correlates the signals corre- 
sponding to the drive and sensor signals. 

1 1 . The locating system of claim 9, wherein the signal processor (26) cross-correlates the signals corresponding to the 
drive and sensor signals and wherein the duration of the cross-correlation of the inputs is the minimal common 
product of the integer multipliers divided by the given frequency. 

1 2. The locating system of claim 1 Q or claim 1 1 . wherein the results of the cross-correlation are used to calculate the 
contribution of each field generator (1 8:20,22) to the signal generated by each said sensor. 

1 3. The locating system of any of the preceding claims wherein the fields are AC magnetic fields. 

14. The locating system of daim 13, wherein the AC magnetic fields are continuous fields. 

15. The locating system of any of the preceding claims and including a display system (27) for displaying the portion 
of the portion (16) on the invasive medical instrument (10). 

16. The locating system of any of the preceding claims wherein there is an additional sensor on the portion (16) of the 
invasive medical instrument (10) which senses a local condition. 

17. The locating system of claim 16 wherein the additional sensor senses local eiectrica! signals and transfers them to 
terminals externa! to the patient's body. 

18. The locating system of claim 1 7, wherein the local eiectiica! signals are electricai signals from the endocardium of 
the patient's heart. 

19. The locating system of claim 18, wherein the signal processor (26) processes the position and orientation coordi- 
nate signals and the local electrical signals acquired at a plurality of pointe on tiie endocardium to generate a map 
that r^resents the propagation of electrical signals through tissue in the patient's body. 

20. The locating sjretem of any of claims 16-19 wherein the additional sensor is operative lor supplying electrical 
energy to the endocardium for ablating a portion of the endocardium. 

21 . The locating system of any of claims 1 -16 and including an electrode adapted for supplying electrical energy to the 
endocardium for ablating a pottion of the endocardium. 
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22. The iocating system of ciaim 16 wherein the addltionai sensor is an ultrasonic transmitter/receiver. 

23. The locating system of ciaim 22 wherein the ultrasonic transmitter/receiver provides a less than three dimensional 

representation of the acoustic properties of tissue beyond the distal end (15). 

24. The locatirig system according to claim 23 wherein the distal end (15) is deflectable. 

25. The locating system according to ciaim 24 including image reconstruction circuitry which receives a plurality of 
said less than three dimensional representations acquired at different orientations of the distal end (15) and pro- 
duces a three dimensional map of the acoustic properties of tissue at least partially surrounding the distal end (1 5). 

26. The locating system of claim 15 and further comprising a reference instrument which includes a plurality of addi- 
tional sensors situated in the reference instrument, wherein said display system (27) displays the position of the 
portion (16) on the in\«sive medical instrument (10) relative to the position of a point on the reference instrument. 

27. The locating system of ciaim 26, wherein the locating system comprises only a single reference instrument. 

28. The locating system of ciaim 26 or ciaim 27 wherein the reference instsument is an additional invasive medicai 
instrumsni and wherein said additional sensors are situated proximate the distal end thereof. 

29. The system of any of the preceding claims wherein the invasive medical instrument is a catheter or endoscope. 

30. A method of determining the position and orientation of an invasive medical instrument (10) having a distal end 

(15), comprising: 

(a) generating a plurality of distinguishable, geometrically different AC magnetic fields: 

(b) sensing the AC magnetic fields at a plurality of sensors (1 4) proximate the distal end: and 

(c) computing six dimensions of position and orientation of a portion (16) of the invasive medical instrument 
(1 0) re^onsive to signals representative of the generated magnetic fields and the sensed magnetic fields, are 
computed. 

31. A method according to claim 30 wherein the plurality of distinguishable, geometrically different fields comprises 
three such fields. 

32. A method according to claim 30 or claim 31 wherein the AC magnetic field Is sensed at three points of the invasive 
medical instrument (10). 

33. A method according to any of claims 30-32 wherein the invasive medical instrument (10) is a catheter or endo- 
scope. 

Patesitanspruche 

1. Ortungssystem zum Bestimmen des Ortes und der Ausrichtung eines invasiven medizinischen Instrumentes (10) 
relativ zu einem Referenzrahmen, mif : 

siner Vielzahl von Feldgsnsratorsn (18, 20, 22), die bekannte unterscheidbars Felder in Antwort auf Treibersi- 

gnale erzeugen; 

einer Vielzahl von -Sensoren (14), die sich in derjT irivasiven medizinischen instrument (10) nahe dessen dista- 
lem Ende (15) befinden, die Sensorsignale in Arstwort auf die Feider erzeugen; und 

einem Signalprozessor (26), der einsn Eingang fur eine Vielzahl von Signaien entsprechend den Treibersigna- 
len und den Sensorsignalen hat, dadurch gekennzeichnet, daS der Sig.naiprozessor (22) so angeordnet ist, 
daS er drei Ortstoordinaten und drei /^ojsrichfejngstoordinaten eines ^chnittes (16) des invasiven medizini- 
schen Instrumentes (10) in Antwort auf die Treiber- und Sensorsignale berechnet. 

2. Ortungssystem nach An^ruch 1 , bsi dsm siner aus der Vielzahl der Feldgeneratoren (18, 20, 22) oder Sensoren 
(14) drei unterscheidbars, nicht uberlappends Gensratorsn oder Sensoren aufweist. 
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3. Ortungssystem nach Anspruch 1 , bei dein die Vielzahl der Feidgeneratoren (1 8, 20, 22) drei unterscheidbare, nicht 
Qberlappende Gerteratoren aufwelst und die Vielzahl der Sensoren drei unterscheidbare nicht ubeiiappende Sen- 
soren aufweist. 

4. Ortiingssystem nach einem der Anspriiche 1 bis 3, bei dem jeder Sensor (14) sine Spuie {30, 32, 34) aulweist. 

5. Ortungssystem nach Anspruch 4, bei dem die Vi^sahi der Spuien (30, 32, 34) Achsen hat, die sich innerhaib einer 

der Spuien (30, 32, 34) schneiden. 

6. Ortungssystem nach Anspruch 4 Oder Anasruch 5, bsi dem die Vialzahi der Spuien (30, 32, 34) drei Spuien auf- 
weist und bei dem die Spuien (30, 32, 34) Achsen h^en, die sich nicht alls in einem Punkt schneiden. 

7. Ortungssystem nach einem der vorangehenden Anspruche, bei dem die Feider, die von jedem der Feldgenerato- 
ren (18, 20, 22) erzeugt warden, eine unterschiedliche Ftequenz, eine unterschiedlichs Phase Oder sowohl sine 
unterschiedliche Frequenz als auch eine unterschiedliche Phase haben. 

8. Ortungssystem nach einem der vorangehenden Anspruche, bei dem das Fe!d, das von jedem Feldgenerator (18, 
20, 22) erzeugt wird, eine unterschiediidie Frequenz hat. 

9. Ortungssystem nach Anspruch 8, bei dem die Frequenzen des Feldgenerators (18, 20, 22) jede ganzzahiige Viel- 

fachs einsr gegebenen Frequenz sind. 

10. Ortungssystem nach einem der Anspriiche 7 bis 9, bei dem der Signalprozessor (26) die Signals, die den Treiber- 
und Sensorslgnaien sntsprechen, kreuzi^onefert. 

1 1 . Ortungssystem nsich Anspruch 9, bei dsm der Signalprozessor (26) die Signals, die den Trsiber- und Sensorslgna- 
ien entsprechen, kreuzkorreiiert, und bei dem die Dauer der Kreuzkorrelation der Eingaben das kleinste gemein- 
same Vielfache der ganzzahligen Multiplikatoren ist, dividiert durch die gegebene Frequenz. 

12. Ortungssystem nach Anspruch 10 Oder Anspruch 11, bei dem die Ergebnisse der Kreuzkorrelation benutzt wer- 
den, um den Beitrag jedes Feldgenerators (18, 20, 22) zum Signal, das vcsi jedem Sensor erzeugt wird, berechnet. 

13. Ortungssystem nach einem der vorangehenden An^ruche, bsi dem die Feldsr Wechsslstrom-iViagnetfeider sind. 

14. Ortungssystem nach Anspruch 13, bsi dsm die Wschsslstrom-Magnetfslder tontinuierilci^e Feider sind, 

15. Ortungssystem nach eirjern der vorangehenden Anspruche und mit einem Anzeigesystem (27) zum Anzsigen der 
Position des Abschnlttss (16) auf dem invasiven medizinische instrument (10). 

16. Ortungssystem nach einem der vorangehenden Anspruche, bei dem ss einen zusatzlichen Sensor auf dem 
/y^schnitt (16) des invasiven medizinischen Instrumentes (10) gibt, der eine lokale Bedingung abfiihlt, 

17. Ortungssystem nach Anspruch 16, bei dem der zusStzliche Sensor lokale elektrische Signale abfuhit und sie an 
Anschlusse auBerhalb des KSrpsrs des Patientsn Cibsrtragt. 

18. Ortungssystem nach Anspruch 17, bei dsm die iokalsn slektrischen Signale elsktrische Signale vom Endocardium 

des Herzsn des Patientsn sind. 

19. Ortungssystem nach Anspruch IS, bei dem der Signalprozessor (26) die Position und Ausrichtungskoordinalensi- 
gnale und die iokaien eiekirischen Signale, die an einer Vielzahl von Punkten auf dem Endocardium erfaBt worden 
sind, verarbeltet, um eine Abbildung zu erzeugen, die die Fortpfianzung eiektrischer Signale durch das Gewebe in 
dem K6rper des Patienten darstelit. 

20. Ortungssystem nach einem der Anspruche IS bis 19 bei dem der zusatzliche Sensor so arbeitet, daS elektrische 
Energie an das Endocardium zum Abtragen eines Teils des Endocardiums gelieiert wird. 

21 . Ortungssystem nach einem der Anspruche 1 bis 16 und mit einer Elsktrods, dis zum Zufuhren eiektrischer Ensrgie 
an das Endocardium zum Abtragen eines Teiles des Endocardiums ausgelegt ist. 
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22. Ortungssystem nach Anspruch 16, bei dem der zusatzliche Senso- ein Uitraschaii-Setider/Empfanger ist. 

23. Ortungssystem nach Anspruch 22, bei dem der Uitraschall-Sender/Empfanger eine weniger a!s dreidimensionale 
DarsteNung der alojstischen Eigenschaften des Gewebes jenseits des distalen Endes (15) iiefert. 

24. Ortungssystem nach Anspruch 23, bei dern das distale Ende (15) ablenkbar ist. 

25. Ortungss^tem nach Anspruch 24 und mit einer Bildrekonstrui<t!onsscha!tung, die eine Vielzahi der weniger ais 
drsidimensionaien Darstellungen empfangt, die bei unterschiediichsn Ausrichtungen des distaien Endes (15) 
erhaiten worden sind, und sins dreidirrisnsionaie .Abblidung der akuslischen Eigenschaftsn von Gewetae, das 
wenigstens teilweiss das distale Ende (15) umgibt, erzeugt. 

26. Ortungssystem nach Anspruch 15 und weiter mit einem Referenzinstrument, das eine Vielzahi zusatzlicher Sen- 
soren umfaftt, die sich in dem Referenzinstrument befinden, wobei das Anzeigesystem (27) die Position des 
Abschnittes (16) aii dem invasiven medizinischen Instrument (10) reiativ zu der Position eines Punktes auf dem 
Referenzinstrument anzeigt. 

27. Ortungss\reteni nach Anspruch 26, bei dem das Ortungssystem nur ein einzeines Referenzinstrument aufweist. 

28. Ortungssystem nach Anspruch 26 Oder 27, bsi dem das Referenzinstrument ein zusatziiches Invasives medizlni- 
schss Instrument ist und bei dem die zusatzlichen Ssnsoren sidi nahs dem distalen Ende des instrumentes befin- 
den. 

29. System nach einem der vorangehenden .Anspruche, bei dem das invasive msdizinische Instrument ein Kaiheter 
Oder Endosi«)p ist. 

30. Verfahren zum Bestimmen der Position und Ausrichtung eines invasiven medizinischen instrumentes (10) mit 
einem distalen Ende (15), das umfaBt: 

(a) Erzeugen einer Vielzahi unterscheidbarer geometrisch unterschiedlidier Wechselstrom-Magnetfelder; 

(b) Abfuhlen der Wechselstrom-Magnetfelder an einer Vielzahi von Sensoren (14) nahe dem distalen Ende; 
und 

(c) Berechnen von sechs Dimsnsionen von Position und Ausrichtung eines Mischnittes (16) des invasiven 
medizinischen Instrumentes (10) in Antwort auf Signale, die reprSsentativ fur die erzeugten Magnetfelder und 
die abgefuhltsn Magnetfelder sind. 

31. Verfahren nach Anspruch 30, bei dem die Vielzahi unterscheidbarer geometrisch unterschiedlicher Fetder drei sol- 
cher Felder aufweist. 

32. Verfahren nach Anspruch 30 Oder 31 , bei dem das Wechselstrom-Magnetfeld an drei PunWen des invasiven medi- 
zinischen Instrumentes (10) abgefiihlt v/ird. 

33. Verfahren nach einem der Anspruche 20 bis 32, bei dem das invasive medizinische Instrument (10) ein Katheter 
Oder Endoskop ist. 

Reversdications 

t . Systems de localisation pour determiner rerrplacemen? et rorientation d'un instrument medical invasif (1 0) par rap- 
port a un cadre de reference, ccmprenant: 

une pluralite de generateurs de champ (18, 20, 22) qui generent, en reponse a des signaux de commande, des 
champs connus pouvarrt Stre diff6renci6s; 

une plurality de capteurs (14) situds dans I'instrument medical invasif (10), d proximity de I'extr6mit6 distale 
(15) de cs dernier, et g6n§rant des signaux de capteur en reponse auxdits champs; et 
un dispositsf (26) de traitemerrt ds signaux qui comporte une entr6e pour une plurality de signaux corrsspon- 
dant auxdits signaux de commande et auxdits signaux de capteurs, caractdrisS en ce que ledit disposltif (26) 
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de traitemen! de signaux est congu de maniere a caicuier les trois coordonn6es de locaiisation et ies trois coor- 
donn6es d'orientatiort d'une partie (16) de I'insxrument medical invasif (10) sensible auxdits signaux de com- 
mands et de capteur. 

2. Syst6me de iocaiisation seton la revendication 1 , dans lequel un g6nerateur ou un capteur de la plurality de g6n6- 
rateurs (18, 20, 22) ou de capteurs (14) comprend trois g^n^rateurs ou capteurs pouvant 6tre diff6renci6s et ne se 
chevaucharrt pas. 

3. Systeme de localisation ssion ia revendication 1 , dans isquel ladite plurality de g6n6ratsurs de champs (1 8, 20, 22) 
comprend trois generateurspouvant etre differ srsciss et ns se chevauchant pas, st ladite plurality de capteurs com- 
prend trois capteurs pouvant §tre diff6rsncl6s st ne se chevauchant pas. 

4. Systfeme de localisation selon I'uns quelconque des revendications 1-3, dans lequel chaque capteur (14) com- 
prend uns bobine (30, 32, 34). 

5. Systeme de localisation selon la revendication 4, dans lequel ladite plurality de bobines (30, 32, 34) ont des axes 
qui se coupent dans une desdites bobines (30, 32, 34). 

6. Syst6me de localisation selon la revendication 4 ou la revendication 5, dans lequel ladite plurality de bobines (30, 
32, 34) comprend trois bobines et dans lequel lesdites bobines (30, 32, 34) ont des axes qui ne se coupent pas 

tous en un point. 

7. Systeme de locaiisation selon i'une quelconque des revendications prdc^entes, dans lequel les champs g6n§r6s 
par chacun des g^n^rateurs (12, 20, 22) ont une frtkiuence differente, une phase diff6rente, et k la fois une fre- 
quence diff^rente st une phase differente. 

S. Systems de iocaiisation seion I'une quelconque des revendications pr^ckientes, dans lequel le champ gSn^r^ par 
chacun des g^drateurs de champ (18, 20, 22) a une frequence diffirente. 

9. Systeme de localisation selon la revendication 8, dans lequel les fr^uences des g^n^rateurs de champ (18, 20, 
22) sont chacune des multiples entiers d'une fr^uence donn^e. 

10. Systeme de localisation selon I'une quelconque des revendications 7-9, dans lequel le dispositif (2S) de traitenent 
de signaux opere une correlation mutueile des signaux qui correspondent aux signaux de commande et de cap- 
teurs. 

1 1 . Systems de localisation selon ia revendication 9, dans lequel le dispositif (26) de traitement de signaux op^re une 
correlation mutueile des signaux correspondant aux signaux de commande et de capteurs, et dans lequel la durSe 
de la correlation mutueile des entrees est le produit commun minimal des multipllcateurs entiers divises par la fre- 
quence donnee. 

1 2. Systeme de localisation selon la revendication 1 0 ou la revendication 1 1 , dans lequel les resultats de la correlation 
mutueile sont utilises pour caicuier la contribution de chaque generateur de champ (18, 20, 22) au signal genere 
par chaque capteur precite. 

13. System© de iocaiisation selon i'une quelconque des revendications precedentes, dans lequel les champs sont des 
champs magnetiques de courant alternatif. 

14. Systeme de localisation selon la revendication 13, dans lequel les champs magnetiques de courant alternatif sont 

des champs continus. 

15. Systeme de iocaiisation selon I'une quelconque des revendicatiOi-iS precedentes et comprenant un systeme d'affi- 
chage (27) destine ^ affigher la posrtion de la pa-tie (16) de l instrumertt medical invasif (10). 

16. Systeme de localisation seion I'une quelconque des revendications precedentes, dans lequel sur la partie (16) de 
I'instrument medical invasif (10) se trouve un capteur suppl6mentaire qui detscte une condition locale. 

1 7. Systeme de localisation seion ia revendication 1 6, dans lequel le capteur suppiementaire detecte des signaux eiec- 
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trique locaux et les transf6re a des bornes ©x!6ri8ures au corps du patient. 

18. Systdme de iocalisation seion ia revendication 17, dans ieque! les signaux ^iectriques locaux sont des signaux 
§lectriques provenait de I'endocarde du coeur du patient. 

19. Systeme de locafeation selon ia revendication 18, dans ieque! ie disposltif (26) de traltement de signaux traite ies 
signatix de coordonnees de position et d'orientaiion ei ies signaux slectriques iocaux acquis en une piuraliie de 
points sur I'endocarde pour generer une carte qui represente !a propagation des signaux elecSriques a travers les 
tissifs du corps du patient. 

20. Systems de locaiisation seion I'une queiconque des revsndications 16-19, dans ieque! ie capteur supplemental re 
a pour effet de fournir de l'6nergle diectrique a i'endocarde en vue d'une abiation d'une partie de cet endocarde. 

21. Systdme de locaiisation seion i'une queiconque des revendications 1-16 et oomprenant une Electrode adapts 
pour fournir de i'6nergie 6iectrique k i'endocarde en vue d'une ablation d'une partie de I'endocarde. 

22. Systeme de locaiisation selon ia revendication 16, dans Ieque! Ie capteur suppi^mentaire est un 6metteur/rdcep- 

teur k uiirasons. 

23. Systeme de iocalisation seion ia revendication 22, dans ieque! I'emstteur/r^cepteur fournit moins de trois represen- 
tations dimen sionneiles des proprlStes acoustiques des tissus sItuSs au del4 de I'exlrdmitS distaie (15). 

24. Systdme de localisation selon ia revendication 23, dans iequei i'8xtr6mit6 distaie (15) peut dtre divide. 

25. Systeme de localisation selon ia revendication 24 et comprenant un circuit de reconstruction d'image qui regoit une 
plurality desdites representations dimensionnelles, en un nombre inf6rieur a trois, acquises en diff^renfes orienta- 
tions de l'extr§mit§ distaie (15) et produit une carte dimensionnelles des propri^Ss acoustiques des tissus entou- 
rartt au moins partiellement I'extr6mit6 distaie (15); 

26. Systdme de localisation seion ia revendication 15 et induant, en outre, un instrument de r6f6rence qui comprend 
une piura!rt6 de captsurs sippiSmentaires situ6s dans I'instrument de r6f6rence, dans iequei iedrt systeme d'affi- 
chage (27) affiche la position de ia partie (16) se de instrument medical invasrf (10) par rapport k la position d'un 
point situ6 sur i'instrument de r6f6rencs. 

27. Systdme de localisation selon la revendication 26, dans Iequei Ie systeme de localisation ne comprend qu'un seui 
instrument de r6f6rence. 

28. Systeme de localisation selon la revendication 26 ou ia revendication 27, dans iequei i'instrument de r^fSrence est 
Ltn instrument midica! invasif suppiesneniaire et dans iequei iesdits capteurs suf^limentaires sont situes k proxi- 
mity de Textr^mitd distaie de cet instrument. 

29. Systeme selon i'une queiconque des revendications prdcddentes, dans Iequei i'instrument mMical invasif est un 
catheter ou un endoscope. 

30. Procdd§ de determination de ia position et de i'orientation d'un instrument m^ical invasif (10) comportant une 
extr^mit^ distaie (15), ce proc6d6 comprenant: 

(a) la generation d'une piuraiite de champs magnetiques de courant aiternatif, geometriquement diffsrents et 
pouvant etre differencies: 

(b) la detection des champs magnetiques de coiirant aiternatif au niveau d'une pluraiite de capteurs (14) situes 
a proximite de i'e.Kjs-emite distaie; et 

(c) ie caicui de six dimensions de positioii et d'orientation d une partie (16) de I'instrument medical invasif (10) 
sensible a des signaux representatifs des ciiamps magnetiques generes et des champs magnetiques detec- 
t6s. 

31. Proc6d6 seion ia revendication 30, dans ieque! la plurality des champs gdom^triquemsnt diff6rente, pouvant §tre 
distinguis, comprend trois de ces cliamps. 
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